Arginine decarboxylase (encoded by adi) is induced under conditions of acidic pH, anaerobiosis, and rich medium. The DNA sequence of a 3-kb fragment of the Escherichia coli chromosome encoding biodegradative arginine decarboxylase was determined. This sequence encodes a protein of 755 amino acids with a molecular size of 84,420 daltons. The molecular weight and predicted Adi amino acid composition agree with those found in earlier work. The amino acid sequence of arginine decarboxylase showed homology to those of three other decarboxylases of E. cofi: (i) CadA, encoding lysine decarboxylase; (ii) SpeC, encoding biosynthetic ornithine decarboxylase; and (iii) SpeF, encoding biodegradative ornithine decarboxylase and the lysine decarboxylase of Hafnia alvei. Unlike SpeC and SpeF, Adi is not similar to the biosynthetic arginine decarboxylase, SpeA. adi is also dissimilar to cad4 and speF in that it does not appear to be part of an operon containing a metabolically related transport protein, indicating that it represents a new type of biodegradative decarboxylase regulation. Transcriptional fusions between fragments upstream of adi and lacZ, primer extension, and site-directed mutagenesis experiments defined the pH-regulated promoter. Deletion analysis of the upstream region and cloning of fragments to make adi::lacZ protein fusions implicated a region beyond an upstream SspI site in pH regulation. Induction of adi in the presence of sublethal concentrations of novobiocin or coumermycin Al, inhibitors of DNA gyrase, was dramatically decreased, indicating that DNA supercoiling is involved in adi expression. These results and those of promoter structure studies indicated that acid regulation of adi may involve a mechanism different from that of acid regulation of cad.
Escherichia coli contains two types of amino acid decarboxylases. The biosynthetic decarboxylases are constitutively expressed regardless of variations in pH and are involved in the synthesis of polyamines (57) . The biodegradative decarboxylases, such as arginine and lysine decarboxylases, are strongly induced in rich medium at a low pH in the presence of excess substrate (4, 5, 21, 39, 44, 52, 57) and appear to play a role in pH homeostasis by consuming protons and neutralizing the acidic by-products produced during carbohydrate fermentation (22, 49) . Biodegradative arginine decarboxylase acts on arginine to produce agmatine and has been thoroughly characterized (5) (6) (7) (8) 52) . The native protein is a decamer of 820,000 daltons and is composed of 10 identical subunits (6, 8) .
The biodegradative arginine (encoded by adi) and lysine (encoded by cad4) decarboxylases have several properties in common. Both are induced under anaerobic, acidic conditions (although CadA is also induced under aerobic conditions) and are major cellular proteins, representing over 2% of the total cell protein under maximal induction. Arginine and lysine decarboxylases are capable of increasing the surrounding pH by removing acidic carboxyl groups and releasing CO2 from their substrates (arginine and lysine, respectively), and both contain pyridoxal 5'-phosphate as a cofactor (5) . However, Adi and CadA exhibit differences in induction, as shown by studies involving the Mu dlac fusion strains GNB7145K (adi) and GNB8385K (cadA) (4) . Genes regulated by alterations in external pH (hyd and aniG) have also been identified in Salmonella spp. (1, 20) . The as does adi, while the aniG gene is similar to cadA, being inducible under aerobic and anaerobic conditions (1) . At this time, no unique regulatory genes have been identified as interacting with adi, whereas cadR was identified by the absence of a lysine requirement for the induction of cadA (47) . cadA is part of an operon including cadB, the gene for a proposed lysine-cadaverine membrane-bound transport protein (40) . Immediately adjacent to the cadBA operon is cadC, a gene encoding a protein with homology to other prokaryotic transcriptional activators involved in environmental sensing (58) . If homologous genes exist in the arginine decarboxylase system, they are arranged differently with respect to the decarboxylase gene on the chromosome.
In this report, we present the nucleotide sequence of the adi gene and identify the promoter responsible for pHregulated expression. An Tables 1 and 2 . Falkow decarboxylase medium was described previously (18) . Modified (36) .
Primer extension analysis. For maximal induction of the production of adi mRNA, 0.5 ml of an overnight LB culture of 71-18 cells containing pKS29 (adi+) or pKS31 (adi+) was used to inoculate 10 ml of modified Falkow arginine decarboxylase medium at pH 5.5. As a negative control, cells were also grown in modified Falkow arginine decarboxylase medium at pH 8. All tubes were incubated anaerobically until reaching an optical density at 600 nm of 0.6 and RNA was isolated by the procedure of Gilman (23) . For determination of the 5' end of the adi mRNA, 18-mer primer T (CGGTAACA'TlTGC'TGGC) complementary to nucleotides 277 to 294 was labeled with [y-`2PJdATP as described by Kingston (32) . After heat inactivation of the T4 polynucleotide kinase, labeled primer T was purified by use of a Sephadex G25-150 chromatography column as described by Maniatis et al. (37) . The primer extension procedure of Kingston (32) (37) . For further definition of the Mu diac insert, chromosomal DNAs from GNB5948, GNB7145, and MC4100 were digested with DraI, electrophoresed, and transferred as stated previously. The DNA was hybridized to a DNA probe prepared by labeling a 1.1-kb PCR fragment (see Fig. 1 Chromosomal regions cloned in pKER110 and pSTY3 and chromosomal location of the Mu dlac insertion in GNB2039, GNB3112, GNB5948, and GNB7145, as deduced from Southern hybridizations with radiolabeled pKER11O or a 1.1-kb EcoRI PCR fragment as a probe. The location of the Mu dlac insertion is denoted by heavy vertical bars. The coding region for the mel operon is denoted by a hatched rectangle. The coding region for adi is denoted by a stippled rectangle, and the direction of its transcription is indicated by an arrow. Solid rectangles represent vector sequences. DNAs subcloned from pKER11O to produce pKS4, pKS29, pKS31, pKS10, pKS53, pKS103, pX39, pX26, pRS551-1, pRS552-1, p8-5, pX-B/S-1, and p8'-S/RV-1 are denoted by cross-hatched rectangles to indicate the regions cloned (see Table   2 ). The 2-kb EcoRI fragment removed from pKS10 to create pKS53 is denoted by an open rectangle. Fragments displaying positive hybridization to the 1.8-kb Sall-EcoRI fragment from pSTY3, used to probe the cloned regions, are denoted by a +; those that did not hybridize are denoted by a -. Relevant restriction sites are as follows: B, BamHI; D, DraI; E, EcoRI; GII, BglII; H, HindIII; P. PstI; RV, EcoRV; S, Salil. assayed for arginine decarboxylase activity by the method of Morris and Boeker (44) .
Nucleotide sequence accession number. The sequence of adi has been deposited in the GenBank data base under accession number M93362.
RESULTS
Identification of DNA fragments used for sequencing. The location of adi had been previously mapped to 93.4 min on the E. coli chromosome (4), upstream of the melibiose operon ( Fig. 1 ). pKER110 (cad mel' adi+) containing this region of the chromosome was used to investigate the exact location of adi. Restriction enzymes were used to digest pKER110, and the resulting fragments were transferred to nitrocellulose and probed with the 1.8-kb SalI-EcoRI fragment from pSTY3 (mel') (25) . This fragment was used as a probe because it is upstream of the melibiose operon, in the region in which adi had been previously localized. Figure 1 shows the restriction maps of pKER110 and pSTY3. The hybridization experiment revealed that a 4.3-kb BglII fragment hybridized to this probe and possibly contained adi. This 4.3-kb BglII fragment and the overlapping 4.3-kb Safl fragment of pKER110 were then cloned into pEMBL8' or pEMBL9' to create pKS4, pKS29, pKS31, and pKS10. By use of the EcoRI site in the polylinker of pEMBL9' and the EcoRI site in adi, pKS10 was digested with EcoRI to remove the 2-kb EcoRI fragment to create pKS53. For creation of pKS103, pKS29 was digested with HindIII (by use of the pEMBL8' polylinker HindIll site and the HindlIl site in adi) to remove the 1.9-kb HindIII fragment containing the meiR gene. pX39 was created by cloning a 420-bp EcoRVSau3A fragment from the end of melR through the N terminus of adi into pXA. All inserts were confirmed by restriction mapping, and these plasmids were used to sequence this region.
For testing of these plasmids for the functional expression of adi, they were each transformed into GNB7145K (adi), as was pSTY3, and inoculated into arginine decarboxylase medium as previously described (4). GNB7145K bearing pKS29 and pKS31 was positive, indicating that only these plasmids contained the entire adi gene. GNB7145K bearing pKS4, pKS53, pKS103, and pSTY3 was negative, indicating that these plasmids contained only portions of adi.
Identification of the chromosomal location of the Mu dlac insert. Southern hybridization analysis was performed with BglII-or Sall-digested chromosomal DNA from MC4100, GNB2039, GNB3112, GNB7145, and GNB5948 and plasmid DNA from pKER110. DNA was probed with radiolabeled pKER110. Fragments showing positive hybridization in MC4100 but not in the other strains indicated that the insertion of Mu dlac had occurred within those fragments. with Sail-digested fragments revealed that one strain (GNB5948) had an insertion in the 4.3-kb Sail fragment. The remaining strains (GNB2039, GNB3112, and GNB7145) showed no changes in the 4.3-kb Sal fragment. These results indicate that GNB2039, GNB3112, and GNB7145 had insertions in the regions between the Sall site and the N terminus of adi, whereas GNB5948 had an insertion in the SalI-BglII fragment, which contains the C terminus of adi. For determination of whether the Mu diac insertion was in adi or downstream of adi, chromosomal DNA from MC4100, GNB5948, and GNB7145 was digested with BglII, DraI, and Sall and probed with a radiolabeled 1.1-kb PCR fragment distal to adi. The results showed that GNB5948 and GNB7145 had insertions in the 4.3-kb BglII fragment. GNB5948 had an insertion in the 4.3-kb SalI fragment, while GNB7145 did not, as found previously. None of these strains had an insertion in the 1.1-kb Dral fragment immediately downstream of adi, indicating that the insertion in GNB5948 was in the C terminus of adi and that the orientation of Mu dlac was backwards relative to the direction of transcription of adi. These results are consistent with the 3-galactosidase activities reported for these strains by Auger et al. (4) . In this study, GNB2039 and GNB7145 exhibited significant induction under anaerobic conditions at pH 5.5, while GNB5948 did not show any significant induction.
DNA sequence analysis. DNA was sequenced in both directions by use of the above-mentioned plasmids, and the sequence was analyzed by use of MacVector release 3.5. The DNA sequence of 3 kb from the EcoRV site at the end of melR to the BglII site beyond the C terminus of adi (shown in Fig. 1 ) was determined and is presented in Fig. 2 . The amino acid sequences of the N terminus (MKVLIVE; 52), the pyridoxal 5'-phosphate binding site (ATHSTHKLL NALSQASY; 7), and the C terminus (A; 7) of adi had been previously determined by protein analysis. This information was used to scan the six reading frames of the DNA sequence to precisely locate adi. This information allowed the precise localization of adi on the map of Kohara et al. (33) and indicated that it is adjacent to melR.
The sequence of a DNA segment adjacent to melR and a region now identified as encoding the N terminus of adi had been previously published (59) . The sequence that we have determined is identical to the previously determined sequence in the overlapped region, except for four base changes. At position 236 in Fig. 2 , Webster et al. (59) reported a T, and we found a C. This base is in the third position of a threonine codon and would cause no amino acid change. At positions 414 and 415, they reported two C's, and we found two T's. These bases are in the first and second positions of the codon, and our sequence would encode a leucine rather than a proline. In the amino acid alignment with other decarboxylases (see Fig. 4 ), this residue is a leucine in two of the other decarboxylases; in contrast to the high degree of alignment of most prolines, a proline was not present in any of the other decarboxylases at this position. At position 422, they reported a C, and we found a T; because this base is in the third position of a glycine codon, it would not alter the amino acid encoded.
The promoter region has been identified, and a possible Shine-Dalgarno ribosome binding site is also indicated by underlining in Fig. 2 . This ribosome binding site does not seem to be as optimal as some other highly expressed genes. The C-terminal amino acid of adi is followed by a region containing several possible stem-loop structures, indicating a probable rho-independent terminator. The first begins 17 bases after the adi stop codon and has an 8-base stem with a 12-base loop (bases 2476 to 2503; Fig. 2 ). Two more stemloop structures are located 56 bases downstream of the first stem-loop structure, and these two are adjacent to each other. The second structure has a 5-base stem with an 8-base loop, and the third has a 6-base stem and an 8-base loop (bases 2560 to 2596; Fig. 2 (Fig. 2) , was used in the extension. Figure 3 presents the results of this analysis.
Under maximal induction at pH 5.5, an extension product was present and ended at position 157 of the adi sequence shown in Fig. 2 (indicated by +1). At pH 8, a faint extension product was also present at this position. A second band was present at position 166 of the adi sequence.
To investigate which of these bands represents the correct 5' end of the mRNA, we performed site-directed mutagenesis of the adi promoter. To begin this analysis of the promoter region of adi, we cloned fragments into protein or operon fusion vectors as indicated in Fig. 1 . For creation of in-phase fusions to lacZ, a BamHI restriction site was constructed in the adi coding region by use of primer PCR1. Primer PCR1 and primer X were then used to amplify the adi promoter region by PCR, and this region (from the EcoRV site at the end of meIR to the BamHI site at codon eight of adi) was fused to lacZ in pXA to create pX26. Site-directed mutations within the promoter were constructed to investigate the proposed -10 and -35 regions of the adi promoter. Three primers (SDM1, SDM2, and SDM3) that would alter one or two bases in the promoter region were synthesized. These primers were used with pX26, which contains the adi promoter and a protein fusion of the eighth codon of adi to lacZ (bases 1 to 215 in Fig. 2) . Thus, changes in ,B-galactosidase activity could be used to monitor the effect of the mutations. Primer SDM1 changed the -35 region from 5' TITACA to 5' TTGACA, and primer SDM2 changed the -10 region from 5' GATACT to 5' TATACT. Both of these changes resulted in promoter sequences that are more similar to the E. coli a70-dependent promoter sequences (26) , and plasmid constructs (pSDM1 and pSDM2) containing these changes would be expected to show increased expression if the proposed -10 and -35 regions represented the correct promoter. Primer SDM3 introduced two mutations in the -10 region, changing it from 5' GATACT to 5' GAC ACC. This change resulted in a sequence less similar to the E. coli cr&0-dependent promoter sequences (26) , and the 
Nucleotide and deduced amino acid sequences of adi. The total sequence shown starts from an EcoRV site and ends with a BglII site. Selected restriction sites used in this work are shown above the sequence: the SspI site at bp 92 was used to cleave the promoter region to create pX-B/S-1 or p8+-S/RV-i; the BamHI site in parentheses was created by use of primer PCR-1 to clone the promoter region (bp 1 to 215) (by use of this site and the EcoRV site); and the Sall site at bp 2208 indicates where the overlap between pKS4 and pKS31 occurred. The numbers on the left indicate the first base pair at the beginning of each row of the double-stranded DNA sequence; a sequence from the region of bp 1 to 424 was reported previously (59) and corresponds to this sequence, except for four base changes noted in the text. The transcription start site (+1), the -10 and -35 sequences, and the Shine-Dalgarno sequence (SD) are underlined. The Adi amino acid sequence is translated from the top strand and is positioned above each codon. The N-terminal and pyridoxal 5'-phosphate sequences of arginine decarboxylase used to identify adi are underlined. Possible stem-loop structures and an adjacent poly-T region located just beyond the translational stop codon for adi are underlined. Taken together, the results of primer extension and sitedirected mutagenesis led us to conclude that the indicated -10 and -35 regions (Fig. 2) were indeed the site of a a70-type promoter of adi and that the second band detected in the primer extension experiment was due to partial degradation or incomplete extension of the mRNA.
Amino acid sequence of biodegradative arginine decarboxylase and comparison of this decarboxylase with other decarboxylases. The amino acid sequence of arginine decarboxylase is presented in Fig. 2 . The open reading frame encoding adi extends from a methionine codon at nucleotide 192 to nucleotide 2459 and encodes a 755-amino-acid protein of 84.4 kDa. The amino acid composition and molecular weight of adi are quite similar to those reported previously. Table 4 presents a comparison of the amino acid composition of arginine decarboxylase determined by chemical degradation (6) with the amino acid sequence deduced on the basis of the nucleotide sequence. The molecular mass is within the range of 77 to 89 kDa estimated by Boeker and Snell (8) , as determined by ultracentrifuge studies of the reduced and carboxymethylated enzyme in denaturing solvents, and 74 to 86 kDa estimated by Boeker et al. (6) . Kyte-Doolittle (35) hydrophilicity analysis done with MacVector software is consistent with the fact that the inducible arginine decarboxylase is a cytosolic protein.
A search of the GenBank and Swiss-Prot data bases by use of the BLAST network service (2) of EuGene (36) revealed four decarboxylases with protein sequences similar to that of the inducible arginine decarboxylase. These proteins include (42) and represent the averages of six assays.
three from E. coli: CadA-the inducible lysine decarboxylase (40; GenBank accession no. M76411), SpeC-the biosynthetic ornithine decarboxylase (8a; GenBank accession no. M33766), and SpeF-the inducible ornithine decarboxylase (31; GenBank accession no. M64495). The fourth protein is lysine decarboxylase from Hafnia alvei (19; GenBank accession no. X03774). An alignment of these five proteins by use of the pattern-induced multialignment program (56) of EuGene (36) is presented in Fig. 4 . There are 119 completely conserved sites among the five proteins, and these sites occur throughout the entire protein sequences. Clusters of conserved residues occur throughout the protein sequences, most notably around the region of the pyridoxal 5'-phosphate binding sites of the inducible arginine and lysine decarboxylases of E. coli. In the comparison, the alignment of a number of proline and glycine residues (18 and 23, respectively) suggests a conservation of parts of the (6) . secondary structures (most probably turns) of the proteins. Secondary structure prediction programs for the aligned sequences also indicate some correlation of structural features. Arginine decarboxylase shares 35, 31, 30, and 35% homology (number of identical amino acid residues/number of residues of the shortest of the two proteins compared) with the inducible lysine decarboxylase, the ornithine decarboxylase, the inducible ornithine decarboxylase, and the H. alvei lysine decarboxylase, respectively.
Regulation of adi expression. Experiments designed to define the region required for acid pH induction and to determine whether selected promoter fragments could titrate the effect of an activator, as was observed for cad (41) , were undertaken. For evaluation of the effect of various upstream regions of the promoter, several constructs were made for expression studies or in vivo protein titration experiments. The BamHI-EcoRI fragment of pX26 was moved into pRS551, pRS552, and pEMBL8' to create pRS551-1, pRS552-1, and p8-5, respectively. The PCR fragment was then cleaved into fragments of 124 and 94 bases by BamHISspI digestion and SspI-EcoRV digestion, respectively, and the fragments were cloned into pXA (BamHI-SspI) and pEMBL8' (SspI-EcoRV), respectively. These manipulations yielded pX-B/S-1 and p8+-S/RV-1, respectively. For expression studies, plasmids were transformed into MC4100, and for investigation of the possibility of activator or repressor titration effects, pEMBL8', p8+-S/RV-1, and p8-5 were transformed into GNB7145K.
Assays of expression constructs are shown in Table 5 . The results of 0-galactosidase assays with pX26, pRS551-1, and pRS552-1 showed that acid pH induction was still observed with a plasmid fragment bearing a 218-base promoter region. Operon fusion pRS551-1 showed elevated expression at both pHs, but this increased basal expression has sometimes been observed in other situations (41) and was probably due to nonspecific promoter expression. Protein fusions generally yield a more tightly controlled ,-galactosidase level and are more widely used. The ,B-galactosidase levels of the protein fusion constructs indicated acid pH induction. The ,-galactosidase levels obtained with pX-B/S-1 indicated that cutting at the SspI site and removal of the 94-base fragment closest to meiR removed the pH control of this promoter. Alternatively, a nonregulated promoter was inadvertently created by the construction. Thus, it appears that sequences beyond the SspI site may be involved in acid pH induction. Transformation of GNB7145K with p8+-S/RV-1 or p8-5 allowed us to determine whether this region has an effect on the expression of 0-galactosidase from the adi::lacZ Mu dI1734 insertion in the chromosome. If a regulatory protein that binds to this region is present, then the presence of multiple copies of the 93-base SspI-EcoRV region or the entire promoter region would create competition for the regulatory protein. This competition would, in effect, titrate this regulator and prevent its interaction with the chromosomal adi::lacZ fusion, resulting in a decrease in ,-galactosidase expression in GNB7145K if an activator mechanism were operating on adi. Table 5 shows no significant change at either pH, indicating no titration of a regulatory protein for adi. Thus, perhaps some other type of activation occurs in this system, sequences outside this region are required for most effective binding, or the activator is not present in low abundance. These results differ from those found for cad (41) .
Effect of novobiocin and coumermycin Al on adi expression. coupled with the lack of a significant effect on the acid pH induction of the cadA::lacZ fusion, and the fact that the strains were derived from the same parent (MC4100) led to the conclusion that the effects of the DNA gyrase inhibitors are specific for adi and are not side effects due to altered cell growth.
DISCUSSION
Several decarboxylase genes induced by an acidic pH have now been sequenced and characterized. These genes include adi, for the inducible arginine decarboxylase, cad4, for the inducible lysine decarboxylase (40, 41, 58) , and speF, for the inducible ornithine decarboxylase (31) . A group of constitutively produced decarboxylases has also been char- acterized. This group includes the biosynthetic ornithine (speC gene; 8a) and arginine (speA gene; 43) decarboxylases of E. coli and the lysine decarboxylase (19) of H. alvei. All of these decarboxylases show at least 30% amino acid sequence homology to Adi, except for SpeA. SpeA and Adi are only 10% homologous, and SpeA is 9% similar to the H. alvei lysine decarboxylase, SpeC, and SpeF and 8% similar to CadA. A search of the GenBank and Swiss-Prot data bases for proteins similar to Adi revealed CadA, SpeC, SpeF, and the H. alvei lysine decarboxylase but did not list SpeA among the possible candidates. A comparison of the amino acid alignments of the five similar decarboxylases (Adi, CadA, SpeC, SpeF, and H. alvei lysine decarboxylase) to the alignments of these five decarboxylases plus SpeA shows that the number of completely conserved amino acid residues drops from 119 to 7. A phylogeny constructed by the Hein program (27) of EuGene (36) placed SpeA in a separate, distant branch from the other five decarboxylases. (9) . SpeA monomers are synthesized as 74-kDa precursor polypeptides that are posttranslationally processed to a 70-kDa mature protein (9) . The presence of a signal peptide typical of translocated proteins is supported by the accumulation of the 74-kDa species but not the 70-kDa species in an E. coli strain incapable of processing signal sequences (9) . An analysis of the predicted N terminus of SpeA, however, did not reveal a typical prokaryotic signal sequence (43 The differences found in the regulation of adi and cadBA were not surprising, as previous experiments had determined that both adi and cadBA are induced by external acidic pH conditions but that cadBA is induced in the presence or absence of oxygen, while adi is induced only under anaerobic conditions (4, 55) . Genes responsive to external acidic pH conditions (hyd and aniG) have also been found in Salmonella spp. (1, 20) . adi is more similar to hyd in that both genes are induced anaerobically, while cadBA is more similar to aniG, both of which are induced aerobically and anaerobically.
To investigate the differences between adi and cad, we undertook an analysis of promoter structure. Site-directed mutagenesis of the adi promoter to change conserved regions to sequences unlike the E. coli u70 promoter sequence resulted in a dramatic decrease in 3-galactosidase activity at both pH 5.5 and pH 8. Site-directed mutagenesis of the adi promoter to enhance the similarity to the E. coli (J70-dependent promoter consensus sequence resulted in increased expression from the mutant promoters. The wildtype adi promoter has a higher induction ratio (47-fold) than the altered promoter sequences do when the pH 8 and pH 5.5 ,3-galactosidase activities are compared. These results indicate that the inducing mechanism has less of an effect on an already strong promoter. This suggestion would be consistent with a mechanism in which the relative levels of RNA polymerase binding to the promoter are altered by induction.
These constructs may be useful in further studies of the mechanism of activation. Sequences of a repeating type or palindromes, like those found in the cad promoter (41), were not so apparent upstream of the adi promoter.
The bacterial chromosome is folded and maintained by negative superhelical tension (supercoiling) (for reviews of agents that alter supercoiling, see references 15 and 28) and a set of DNA-binding proteins (48; for reviews, see references 16 and 46). The interaction of topoisomerases I and III and DNA gyrase functions to maintain supercoiling at the proper level. Transcription can contribute to the level of supercoiling and lead to local variations in supercoiling. It has been shown that DNA supercoiling changes occur in response to environmental stresses, such as changes in osmolarity and oxygen conditions, and that other control mechanisms specifically involved in certain responses are superimposed on this process (13, 29, 45) . Several genes have been found to be affected by inhibitors of DNA gyrase. DNA gyrase inhibition can either increase the expression of genes such as tonB (13) or decrease gene expression (for a review, see reference 14) . The experiments reported here support the inclusion of adi among those genes subject to regulation by supercoiling. The greater effect of supercoiling inhibitors on adi would correlate with its greater dependence on anaerobic conditions (compared with cad), under which increased negative supercoiling occurs. Whether this effect occurs directly on the adi promoter through some other mechanism is not known. A study of the cadA::lacZ fusion strain showed little effect on 3-galactosidase activity when the DNA gyrase inhibitor novobiocin or coumermycin Al was added to the culture, indicating that supercoiling is not a major factor in the regulation of the cad operon. Some mutations in hns (osmZ), a locus that can adjust supercoiling levels, affect the expression of both lysine and arginine decarboxylases (53) . Other agents that alter supercoiling, such as novobiocin or coumermycin Al, significantly affect only adi. Such results may suggest that hns mutations, although yielding increased expression at pH 8 in both the lysine and arginine decarboxylase systems, do so by different mechanisms. Thus, H-NS, the product of the hns gene, may have a role more in competition with the activator in the case of cad and a role more related to effects on DNA topology in the case of adi (53) .
One hypothesis for the mechanism of adi induction would involve an interaction of the RNA polymerase with an environmentally responsive activator, causing the induction of adi at a low pH. Preliminary experiments with adi::lacZ fusions that also possess mutations in the a subunit of RNA polymerase (rpoA; 38, 51) suggest that a possible interaction of this type is important (52a). The induction could be particularly sensitive to the local supercoiling environment. A possible integration host factor consensus binding sequence in the adi promoter has been identified by use of the MacTargsearch program (24) . It is interesting to note that both integration host factor and H-NS, the product of the hns gene, seems to be involved in interactions with curves or bends in DNA, and the role and regulation of this aspect of DNA structure are areas of broad current interest. Localization and characterization of the adi activator and analysis of specific protein sites within the adi promoter region should further assist our understanding of the acid regulation of the adi gene and its relation to cell physiology.
